US 9,543,393 B2

Page 2
(51) Int. CL WO WO 2014/035481 Al 3/2014
C30B 7/10 (2006.01) WO WO 2014/051684 Al 4/2014
C30B 29/40 (2006.01) WO WO 2014/051692 Al 4/2014
C30B 33/10 (2006.01)
HOIL 21/02 (2006.01) OTHER PUBLICATIONS
(52) 53S03Ci3/00 (2006'01) Wang, B. et al., Inversion Domains and Parallel Growth in
CPC ' C30B 29/406 (2013.01); C30B 33/00 Ammonothermally Grown GaN Crystals; Journal of Crystal

(2013.01); C30B 33/10 (2013.01); HOIL
21/02013 (2013.01); HOIL 21/02019
(2013.01); HOIL 292003 (2013.01)
(58) Field of Classification Search
USPC it 257/615, 76
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

7,132,730 B2  11/2006 Dwilinski et al.
7,160,388 B2 1/2007 Dwilinski et al.
8,299,490 B2  10/2012 Oya et al.

8,921,231 B2  12/2014 Hashimoto et al.
9,202,872 B2  12/2015 Hashimoto et al.

2002/0185054 Al  12/2002 Xu et al.

2002/0186368 Al* 12/2002 Rosengaus et al. ....... 356/237.2
2004/0038544 Al* 2/2004 Zhang ............. B24B 37/08
438/709

2005/0103257 Al
2005/0286590 Al
2006/0124956 Al
2007/0131214 Al
2007/0178807 Al
2007/0234946 Al
2008/0182092 Al
2009/0236694 Al*

5/2005 Xu et al.
12/2005 Lee

6/2006 Peng

6/2007 Komeda

8/2007 Gupta et al.
10/2007 Hashimoto et al.

7/2008 Bondokov et al.

9/2009 Mizuhara .................. C30B 9/12

257/615

2010/0006082 Al
2010/0031875 Al
2010/0044718 Al
2010/0193664 Al

1/2010 Glinski et al.
2/2010 D’Evelyn
2/2010 Hanser et al.
8/2010 Stoddard

2010/0200955 Al* 82010 Oshima ................ C30B 25/02
257/615
2010/0270649 Al* 10/2010 Ishibashi ............. C30B 29/403
257/615

2012/0000415 Al
2014/0065796 Al
2014/0084297 Al
2014/0087113 Al
2014/0087209 Al
2014/0124826 Al
2015/0329361 Al
2015/0330919 Al
2016/0040318 Al

1/2012 D’Evelyn et al.
3/2014 Hashimoto et al.
3/2014 Hashimoto et al.
3/2014 Hashimoto et al.
3/2014 Hashimoto et al.
5/2014 Ishibashi et al.
11/2015 Hashimoto
11/2015 Hashimoto
2/2016 Hashimoto et al.

FOREIGN PATENT DOCUMENTS

CN 101800170 A 8/2010
EP 2 031 103 Al 3/2009
JP 2012 031028 A 2/2012
WO WO 2004/053206 Al 6/2004
WO 2007008198 Al 1/2007
WO 2007117689 A2 10/2007
WO WO 2008/042020 A2 4/2008
WO 2009151642 Al 12/2009
WO WO 2009/149300 A1 12/2009
WO WO 2010/017232 Al 2/2010
WO WO 2010/025153 Al 3/2010
WO WO 2010/088046 Al 8/2010

Growth, Elsevier, Amsterdam, NL. vol. 312, No. 18, Sep. 1, 2010,
pp. 2507-2513, XP027184338, ISSN: 0022-0248 [retrieved on Apr.
9, 2010] p. 2509, col. 1, line 16-line 19.

PCTUS2013/032103 International Search Report and Written Opin-
ion date of mailing Jun. 25, 2013 (17 pages).

U.S. Appl. No. 13/798,530 Non-Final Office Action dated Dec. 26,
2014.

CN 201380048864.4 Office Action dated Feb. 19, 2016.

U.S. Appl. No. 13/833,443 Notice of Allowance dated Aug. 8, 2016.
PCT/US2013/030913 International Search Report and Written
Opinion date of mailing Jun. 5, 2013 (9 pgs.).

Aoki, M., et al., “GaN Single Crystal Growth Using High-Purity Na
as a Flux,” Elsevier, Journal of Crystal Growth, pp. 70-76; 242, Apr.
12, 2002.

Croce, et al., “Ftude Des Couches Minces Et Des Surfaces Par
Réflexion Rasante, Spéculaire Ou Diffuse, De Rayons X,” Revue
De Physique Appliquee, vol. 11, No. 1, pp. 113-125, Jan. 1, 1976,
XP1417455; (English translation of abstract).

Dwilinsky, et al., “Excellent Crystallinity of Truly Bulk
Ammonothermal GaN,” Journal of Crystal Growth 310, pp. 3911-
3916, Jun. 18, 2008, doi:10.1016/j.jerysgro.2008.06.036.

Inoue, T, et al., “Pressure-Controlled Solution Growth of Bulk GaN
Crystals under High Pressure,” pp. 15-27; Phys. Stat. Sol. (b) 223,
15 (2001).

Iwahashi, et al., “Effects of Ammonia Gas on Threshold Pressure
and Seed Growth for Bulk GaN Single Crystals by Na Flux
Method,” Journal of Crystal Growth, pp. 1-5, 253, Jan. 17, 2003,
Elsevier, www.elsevier.com/locate/jcrysgro.

Porowski. S., “Near Defect Free GaN Substrates,” MRS Internet
Journal of Nitride Semiconductors, Res. 481, 1999, G1.3.
Sumiya, et al., “Growth Mode and Surface Morphology of a GaN
Film Deposited Along the N-face Polar Direction on c-plane Sap-
phire Substrate,” Journal of Applied Physics, vol. 88, No. 2, pp.
1158-1165, Jul. 15, 2000.

Takahashi, et al., “G-GIXD Characterization of GaN Grown by
Laser MBE,” The Institution of Electrical Engineers, Stevenage GB,
Journal of Crystal Growth Elsevier Netherlands, vol. 237-239, No.
2, pp. 1158-1162, Apr. 1, 2002, XP-002697401, ISSN: 0022-0248.
U.S. Appl. No. 13/798,530 Response dated Mar. 26, 2015.

U.S. Appl. No. 13/833,443 Non-Final Office Action dated Apr. 7,
2015.

U.S. Appl. No. 13/834,015 Non-Final Office Action dated Apr. 8,
2015.

U.S. Appl. No. 13/798,530 Final Office Action dated Apr. 22, 2015.
U.S. Appl. No. 13/833,443 Response dated Aug. 7, 2015.

U.S. Appl. No. 13/834,015 Response dated Aug. 10, 2015.

U.S. Appl. No. 13/833,443 Final Office Action dated Oct. 8, 2015.
U.S. Appl. No. 13/834,015 Notice of Allowance dated Oct. 8, 2015.
U.S. Appl. No. 13/833,443 Response dated Feb. 8, 2016.

EP 13712085.3 Response and amendment dated Nov. 19, 2015.
EP 13714781.5 Response and amendment dated Nov. 26, 2015.
U.S. Appl. No. 13/835,636, Office Action dated Jun. 6, 2014.
U.S. Appl. No. 13/835,636, Response dated Sep. 8, 2014.

U.S. Appl. No. 13/835,636, Notice of Allowance dated Sep. 25,
2014.

* cited by examiner



